To evaluate the safety, toxicity, in vivo immunologic activation, and maximum-tolerated dose (MTD) of EMD 273063 (hu14.18-IL-2) in patients with metastatic melanoma.
INTRODUCTION
Interleukin-2 (IL-2) has been used alone and in combination with other therapies in the treatment of patients with metastatic melanoma and has well-documented antitumor effects in a minority of patients. 1 Murine models suggest two distinct mechanisms by which IL-2 treatment can mediate antitumor effects. 2 IL-2 treatment augments the activation of preexisting antigen-specific T cells to enhance their recognition and destruction of neoplastic tissue and activates a separate population of lymphocytes known as natural killer (NK) cells. NK cells lack T-cell markers and antigenspecific receptors and have demonstrated the ability to destroy tumor targets in vitro and in vivo. 3, 4 Novel approaches that selectively induce immune attack at sites of tumor while minimizing the known side effects of IL-2 are needed. A more selective induction of tumor-specific T cells, or localization of activated NK cells to sites of tumor, may provide better tumor specificity and more effective tumor destruction.
One way to potentially improve the antitumor efficacy of activated NK cells is to direct their lytic activity more selectively toward tumor cells. 5, 6 This can be demonstrated in vitro with the addition of tumor-reactive monoclonal antibody (mAb) to facilitate antibody-dependent cell-mediated cytotoxicity (ADCC). Fc receptor-bearing effector cells, including NK cells, primarily mediate ADCC. In vitro studies have demonstrated that ADCC of tumor cells is increased when effector cells are initially activated with IL-2. This IL-2 activation can be performed in vitro or in vivo. Mice receiving IL-2 plus tumorspecific mAb demonstrate improved antitumor effects compared with animals treated with either agent alone.
7-9 Only intact mAb, not fragment antigen-binding regions, were able to induce ADCC in vitro or provide the antitumor effects in vivo. 8 These results suggest that direct effector cell-tumor cell contact is involved in the antitumor mechanism and that it may be possible, with in vivo activation of effector cells by IL-2, to improve clinical antitumor effects of mAb treatment.
Preclinical studies in selected murine models bearing syngeneic tumors have tested the antitumor activity and immunologic effects of tumor-reactive mAbs genetically linked to IL-2, designated immunocytokines (IC). These studies document that IC can induce potent antitumor effects in vivo that exceed the antitumor activity of comparable amounts of mAb and IL-2 given in combination as separate molecules. Furthermore, depending on the model system evaluated, the antitumor activity is mediated primarily by T cells 10 or by NK cells.
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It appears that the IC molecule localizes to the tumor cell surface because of the recognition by the mAb component of the IC molecule. This would allow NK cells to be activated by the IL-2 component of the IC molecule and then mediate ADCC using the Fc component of the IC molecule. The EMD 273063 molecule evaluated in this clinical trial consists of the humanized 14.18 antibody genetically linked to a molecule of human IL-2 at the carboxy terminus of each immunoglobulin heavy chain. The hu14.18 mAb recognizes the GD2 disialoganglioside, expressed on tumors of neuroectodermal origin including melanoma, neuroblastoma, and certain sarcomas. 12, 13 The primary objectives of this study were to assess the safety, toxicity, and in vivo immunologic effects and to determine the maximumtolerated dose (MTD) of EMD 273063 when administered as three daily 4-hour intravenous (IV) infusions in patients with melanoma. Furthermore, the pharmacokinetics of EMD 273063 at different dose levels was investigated.
PATIENTS AND METHODS

Patients
Potentially eligible patients required histologically confirmed melanoma (or other GD2 ϩ malignancy confirmed by immunohistochemistry) that was considered surgically and medically incurable. These patients could have either measurable or nonmeasurable but evaluable metastatic disease, or they could have no evidence of disease after surgical resection of either distant metastases or regionally recurrent disease. Patients with multiple (two or more) local or regional recurrences were included only if they had prior evidence of lymph node involvement and if each recurrence was separated in time by at least 2 months. All patients needed to have adequate bone marrow function (defined by total WBC Ͼ 3,500/L or total granulocytes Ͼ 2,000/L, platelets Ͼ 100,000/L, and hemoglobin Ͼ 10.0 g/dL), adequate liver function (defined by an AST less than three times the normal level and a total bilirubin less than 2.0 mg/dL), and adequate renal function (defined by a serum creatinine Ͻ 2.0 mg/dL or a creatinine clearance of Ͼ 60 mL/min). All patients had an Eastern Cooperative Oncology Group performance status of 0 or 1 and a life expectancy of at least 12 weeks. Patients who had previously received chemotherapy, radiation therapy, or other immunosuppressive therapy within 4 weeks before study were excluded. Patients could have prior CNS metastases if treated and stable for at least 4 weeks before starting the study. Written informed consent that was approved by the University of Wisconsin Health Sciences institutional review board was obtained from all patients.
Hu14.18-IL-2 Immunocytokine
The hu14.18-IL-2 IC (EMD 273063) was provided by EMD Pharmaceuticals Inc. 
Study Design
This phase I trial was designed as an open-label, nonrandomized dose-escalation study. Patient accrual followed a two-stage design as described by Storer. 15 In the first stage, escalation to the next dose level was permitted after a single patient had been evaluated at the current dose level without the occurrence of any toxicity (other than fever) one grade or worse above baseline. Once that level of toxicity was observed, three to six patients were to be entered into that dose level as well as into subsequent treatment cohorts. The MTD was defined as that dose that was estimated to cause dose-limiting toxicity (DLT) during course 1 in 33% of patients. EMD 273063 was administered on an inpatient basis as a 4-hour IV infusion over 3 consecutive days during the first week of each course. Patients were discharged from the hospital, if stable, approximately 24 hours after the completion of the third infusion. Adverse events and toxicities were graded as per the National Cancer Institute Common Toxicity Criteria (version 2.0) and the University of Wisconsin Comprehensive Cancer Center Toxicity Grading Scale for IL-2 (performance status, weight gain, and temperature). 16 DLT was defined as the occurrence of grade 3 or 4 toxicity other than grade 3 lymphopenia, hyperbilirubinemia, or hypophosphatemia. A protocol amendment excluded patients with a known history of diabetes, as this therapy may alter blood glucose levels. Patients with grade 3 treatment-related toxicities were required to recover to at least grade 1 before they could resume treatment at a 50% dose reduction for course 2. Disease assessment was performed between 20 to 26 days after initiation of each treatment course. Patients with Ն 25% disease progression were removed from the study. Patients with stable disease were eligible for course 2, starting on day 29. Patients were required to have an objective partial or complete clinical response to be eligible for any additional courses of therapy past course 2.
Clinical Laboratory Monitoring
Clinical hematology, chemistry, and C-reactive protein (CRP) evaluations were performed by standard methodology at the University of Wisconsin Hospital Clinical Laboratory. Blood samples, unless otherwise indicated, were taken in the morning on the indicated protocol day, before administration of EMD 273063. Thus day 1 samples from course 1 reflect blood samples obtained before any EMD 273063 treatment.
Immunologic Monitoring
Cell lines. The Daudi, K562, LA-N-5 (GD-2-positive neuroblastoma) and M21 (GD-2-positive melanoma) cell lines were maintained as previously described.
14, 17 The IL-2 responsive Tf-1␤ cell line was created by transfecting the gene for the IL-2 receptor beta chain into the myeloid leukemia Tf-1 cell line, already expressing the IL-2 receptor gamma chain.
18
Flow cytometry. Fluorescent cell-bound antibody was detected by standard indirect immunofluorescence methods (Becton Dickinson, San Diego, CA). To detect intact hu14.18-IL-2 IC binding to GD2 positive cells lines, phycoerythrin-conjugated monoclonal rat antihuman IL-2 (PharMingen, San Diego, CA) was used.
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ADCC and NK assays. These 51 Cr release assays were performed in RPMI-HS, as previously described. 10 For ADCC assays, IC, serum, or antibody as indicated was added to the effectors. Target cells at 5 ϫ 10 3 were added to the effector cells. Fresh peripheral-blood mononuclear cells (PBMCs) from the patients were used as effector cells, and PBMCs from a healthy control donor were tested in parallel, to insure the validity of the assays. Enzyme-linked immunosorbent assay (ELISA) methods. Soluble IL-2 receptor alpha (sIL-2R␣) was measured by a commercial (Immunotech, Marseilles, France) double-mAb ELISA kit, according to the manufacturer's specifications. Measurement of EMD 273063 levels in patients' sera by ELISA were performed as previously described. 19, 20 Plates coated with 1A7, a mouse antiidiotype antibody to 14.18, were used. Diluted serum specimens (in duplicates) were incubated overnight at 4°C. They were then serially washed and incubated with biotinylated goat antihuman IL-2 antibody (R&D Systems, Minneapolis, MN) followed by ExtrAvidin-AP (Sigma, St Louis, MO). A standard curve was based on dilutions of lot no. 31,916 of hu 14.18-IL-2 and ranged from 0 to 20 ng/mL. The detection limit for this assay was determined as 0.16 ng/mL. The intra-assay and inter-assay precision was estimated as 4.9% and 3.2%, respectively.
Statistical Methods
Pharmacokinetic parameters and immunologic end points are described using descriptive statistics. The area under the curve from time zero to 24 (AUC 0-24 ) hours was calculated with the Lagrange method. Blood samples for determining pharmacokinetic parameters were collected on day 1, course 1, at 0, 0.5, 4, 4.5, 5, 6, 8, 16, and 24 hours from the start of the 4-hour infusion. The terminal half-life (T 1/2 ) was determined from the terminal slope on a log-linear plot of concentration versus time (after 4 hours).
Jonckheere-Terpstra trend test was performed to determine the significance of the association between increasing dose level and each of the pharmacokinetic parameters AUC 0-24 and peak concentration. A Spearman rank correlation analysis was also performed to determine the relationship between actual dose administered and the pharmacokinetic parameters.
Linear regression methods for repeated measures were used to evaluate the relationships between dose and immunologic end points. 21 Wilcoxon signed-rank test was used to determine changes from baseline in CRP levels. All statistical analyses were performed with SAS software (version 8.2, SAS Institute Inc, Cary, NC). All P values are two-sided and were not adjusted for the number of parameters evaluated. As such, they should only be interpreted as exploratory.
RESULTS
Patient Characteristics
Pretreatment characteristics are outlined in Table 1 . The median age of the 33 patients was 49 years (range, 27 to 69 years), and all had Eastern Cooperative Oncology Group performance status 0 or 1. Prior therapies included surgery (29 patients), biologic therapy (20 patients), radiotherapy (10 patients), and chemotherapy (nine patients). Sites of metastatic disease included lung (19 patients), distant nodal, skin, or subcutaneous disease (26 patients), other visceral sites (13 patients), and bone (three patients). Two patients had previously treated brain metastases. Five patients (15%) had no evidence of disease at the time of treatment.
The dose-escalation schedule is shown in Table 2 . The first patient had toxicity requiring expansion of the treatment group to three patients (grade 2 elevation of AST and grade 2 headache), and subsequent dose escalation occurred in treatment cohorts of three to six patients at one of the following dose levels: 0.8, 1.6, 3.2, 4.8, 6.0, or 7.5 mg/m 2 /d.
Pharmacokinetics
EMD 273063 serum levels were evaluated in serial samples from all 33 patients immediately after the first 4-hour infusion (day 1, course 1). These values were used to calculate the peak serum level of EMD 273063, as well as its clearance, half-life, and area under the curve (Table 3) . The overall mean half-life was found to be 3.7 hours (Ϯ standard deviation of 0.9 hours), which is intermediate between the half-lives of its two components (approximately 45 minutes for IL-2 and 3 days for the chimeric 14.18 mAb) and comparable to that which was observed for the half-life of chimeric 14.18-IL-2 in mice. 22 After the clearance of EMD 273063 from the sera of these patients, neither the IL-2 nor hu14.18 mAb components could be detected (data not shown), which contrasts with data from mice. 22 The peak serum levels of EMD 273063 and AUC during course 1 showed a significant dose-dependent increase (P Ͻ .001), whereas clearance showed a dose-dependent decrease (P Ͻ .0001). This inverse relationship between dose and clearance is not linear (P Ͻ .001), suggesting that the clearance may be influenced by several factors, as expected for a molecule that binds to GD2, IL-2 receptors, and Fc receptors. The clearance values for the five patients who had no measurable disease at the time of study entry did not show any difference in their clearance values from those 28 patients with measurable disease (P ϭ .37; data not shown), suggesting that the presence or absence of macroscopic tumor does not influence the clearance of EMD 273063.
Toxicity
Clinical toxicities are listed in Table 4 . All patients had transient fevers that were successfully treated with acetaminophen and/or indomethacin. A majority of patients experienced grade 1 or 2 rigors, and 16 patients (48%) required meperidine for grade 2 rigors. The rigors were transient and resolved on completion of the infusion. Thirteen patients (39%) required opioids for treatment-related neuropathic pain. This pain was predominantly localized to the lower back, pelvis, or lower extremities, usually occurred toward the end of the 4-hour infusion, and resolved within 2 to 4 hours. No grade 2 or worse functional neuropathies (motor or sensory disturbances) were observed at any dose level. Twenty patients (61%) experienced pruritus requiring oral medications for symptom control, but no severe allergic reactions were observed.
The clinical toxicities at the MTD that were considered dose-limiting were hypoxia and hypotension. Two patients (6%) experienced grade 3 hypoxia during course 1 and received supplemental oxygen. One patient at dose level 5 (6.0 mg/m 2 /d) experienced mild hypoxia (pulse oximetry recorded at 89%) during an episode of rigors. The hypoxia resolved immediately after administration of low-flow oxygen by nasal cannula, and no further supplemental oxygen was required after the rigors resolved. A patient at dose level 6 (7.5 mg/m 2 /d) experienced grade 3 hypoxia requiring supplemental oxygen, as well as grade 3 hypotension requiring vasopressors, intensive care unit monitoring, and discontinuation of treatment. Both grade 3 toxicities for this patient resolved within 12 hours, and no respiratory support, beyond supplemental oxygen, was required. An additional patient at dose level 6 (7.5 mg/m 2 /d) experienced transient grade 3 hypoxia during course 2 and required supplemental oxygen, as well as grade 3 hypotension that resolved with IV fluids and did not require vasopressors. Eight patients (24%) at dose levels 3 to 6 required supplemental IV fluids for transient grade 2 hypotension that resolved after completion of the hu14.18-IL-2 infusion. No patient had substantial weight gain or significant peripheral edema, and no grade 4 toxicities were observed.
Significant laboratory changes observed for each dose level for two courses of treatment are listed in Table 5 . Four patients (12%) had grade 2 thrombocytopenia and one patient, at dose level 4, had grade 3 thrombocytopenia. One patient at dose level 4 experienced a grade 3 elevation of bilirubin on day 2 of course 1. Treatment was held on day 3 with resolution of the hyperbilirubinemia. The patient did not receive course 2 secondary to progression of disease. Eight patients (24%) had a grade 2 elevation of AST and one patient at dose level 6 had a grade 3 elevation of AST and ALT. Grade 1 hyperglycemia above baseline values was observed in 18 patients (55%). Five additional patients (15%) had grade 2 hyperglycemia. These events occurred on the days of EMD 273063 administration, and all episodes of hyperglycemia resolved on completion of therapy. Three patients (9%) had grade 3 hyperglycemia. Two of these were patients with known diabetes mellitus requiring oral hypoglycemic therapy. These patients responded well to insulin administration to control their hyperglycemia. Because the transient grade 3 hyperglycemia was readily managed and was without significant adverse consequences, a protocol amendment was approved to exclude patients with a known history of diabetes mellitus from this study, as this therapy may alter blood glucose levels. Hypophosphatemia was also frequently observed. Thirteen patients (39%) had grade 2 hypophosphatemia, and 11 patients (33%) had grade 3 hypophosphatemia. Patients with hypophosphatemia were monitored closely with daily serum levels of phosphate, creatinine, sodium, and potassium, in addition to venous blood pH and 24-hour urine phosphate. These patients did not have significant increases in creatinine, and no additional electrolyte abnormalities were detected.
There was no substantial change in venous blood pH. Twentyfour hour urine phosphate measurements in patients with grade 3 hypophosphatemia demonstrated no renal wasting of phosphate. A typical course of hypophosphatemia is listed in Table 6 for a patient at dose level 5. This treatment-associated hypophosphatemia resolved after completion of therapy without phosphate supplementation. A protocol amendment was approved to exclude grade 3 hypophosphatemia as a DLT for the purpose of defining MTD. Table 7 shows the DLTs that occurred during course 1 for all dose levels. All of the observed toxicities were reversible and resolved on completion of protocol therapy. The MTD was determined to be 7.5 mg/m 2 /d, as two of six patients had dose-limiting toxicities (one with hypoxia, hypotension, and hyperglycemia and one with elevated ALT/AST) during course 1 at this dose level.
Clinical Outcome
Thirty-three patients were treated on this study. Two patients (6%) completed only the first 2 of 3 days for course 1. One of these patients (dose level 4) had a grade 3 
Abbreviations: AUC, area under the curve; SD, standard deviation.
‫ء‬
Peak concentration and AUC were obtained at course 1, day 1. Values shown are mean and SD for all patients at each dose level. †The association between maximal concentration and dose level was highly significant (P Ͻ .001). ‡The association between AUC and dose level was highly significant (P Ͻ .001). hyperbilirubinemia on day 2 of treatment, and the other patient (dose level 6) had grade 3 hypoxia and hypotension requiring treatment to be held. Both of these patients had progression of disease and did not receive a second course of therapy. Nineteen patients (58%) had stable disease after the first course of therapy and received a second course of therapy. Five patients (15% of all patients) required a 50% dose reduction for course 2 secondary to adverse events in course 1. Seventeen patients (52% of all patients) completed course 2. One patient (dose level 4) declined to receive the final infusion during course 2, and one patient (dose level 6) had the final infusion during course 2 held because of hypotension. Although this phase I study was not designed to determine overall tumor response rate to treatment, all patients were followed for antitumor activity. None showed improvement of measurable disease to qualify as a complete or partial response. Eight patients (24% of all patients) had stable disease after the second course of treatment. Four of these eight patients continue with no evidence of progressive disease (one with stable disease treated at 4.8 mg/m 2 /d and three with no evidence of disease treated at 0.8, 3.2, and 6.0 mg/m 2 /d) for 26 to 60 months since completing protocol therapy. Five of the 33 patients entered the study with no measurable disease after surgical resection of recurrences or metastases. Two of these five patients have experienced disease progression, whereas the remaining three patients continue with no evidence of disease. One additional patient had an objective decrease in a lung nodule after two courses of therapy, but the overall disease response was scored as disease progression because of growth in a distant node. The node was resected after hu14.18-IL-2 therapy, and the patient remained free from disease progression for 3 years, after which disease progression was noted and alternate therapy begun.
Immunologic Monitoring
A peripheral-blood lymphopenia occurred on days 2 to 4 (P Ͻ .0001), and this was followed by a rebound lymphocytosis on days 5 to 22 (P Ͻ .0001) in course 1 (Fig 1A) . Both of these changes were dose-dependent (P Ͻ .01 and P Ͻ .05, respectively). Lymphocyte counts for the 12 patients who received course 2 of EMD 273063 without a dose reduction are shown in Figure 1B . The baseline lymphocyte count for course 2 (day 29 of course 1) was increased over the baseline lymphocyte count for course 1, indicating that effects of the first course of treatment are still present on day 29 (Fig 1B) . In addition, the lymphocyte counts during course 2 on days Lymphocyte cell surface phenotype showed an expansion of CD16ϩ and CD56ϩ lymphocytes (NK cell markers) after the first week of EMD 273063 therapy (Fig 2A) . This effect was still present on day 29 of course 1 (day 1, course 2; Fig 2B) . For patients 19 through 33 (receiving 4.8 to 7.5 mg/m 2 /d), lymphocyte cell surface phenotype was determined on days 15 and 22 in addition to days 1 and 8. This analysis demonstrated that the augmentation of CD56 and CD56/CD16 coexpressing cells remains significantly elevated (P Ͻ .01) on days 8, 15, and 22 (data not shown).
As a measure of immune activation, CRP levels for patients 13 through 33 and sIL-2Rϰ levels for all patients were obtained. As shown in Table 8 , a significant increase in mean CRP level was detected on days 3 to 5 of treatment in both course 1 and course 2 compared with baseline for each course. This increase in CRP returned to baseline levels by the third week of each treatment course. The sIL-2Rϰ level was significantly increased over baseline starting 24 hours after the EMD 273063 infusion during both course 1 ( Fig  3A) and course 2 (Fig 3B) , which peaked at day 4 to 5 and then declined. The increase in sIL-2Rϰ was found to be dose dependent (P ϭ .014). sIL-2Rϰ values for course 2 were increased compared with corresponding values in course 1 for days 1 to 5 for patients receiving the same dose in both courses (P Ͻ .05).
NK function, IL-2-activated NK function, and ADCC mediated by PBMC from 31 patients completing course 1 are shown in Figure 4 . There was a significant increase in killing mediated by lymphocytes collected on day 8 when compared with day 1 in the IL-2 activated NK function and ADCC assays. This increase is seen when IL-2 or EMD 273063 is added to the medium during the assay. There was no significant dose response effect for this difference, potentially reflecting the patient-to-patient and day-to-day variability in these assays. The 12 patients who received course 2 at the same dose as in course 1 showed ADCC results that were very similar to those obtained during course 1. The only parameter that was found to be different for course 2 from course 1 was increased killing in the presence of IL-2 on day 1 (P Յ .05), indicating that augmented killing measured by this assay remained elevated on day 29 (day 1, course 2; data not shown.)
Because the LA-N-5 target is relatively resistant to fresh NK cells, it is useful for measuring IL-2 augmented killing and ADCC. However, the weak killing of LA-N-5 mediated by fresh PBMC in medium (without supplemental IL-2 in vitro) was not significantly greater on day 8 than on day 1. For patients 19 through 33, standard NK assays were performed using the NK susceptible K562 target cell. A significant increase in percentage cytotoxicity of K562 target cells, when tested either in medium (P Ͻ .05) or in the presence of IL-2 (P Ͻ .01), was observed on day 8 when 
‫ء‬
Protocol amendments excluded the following grade 3 toxicities as dose-limiting toxicities; hyperglycemia in patients with known diabetes mellitus (patients with a known history of diabetes mellitus were excluded), hypophosphatemia, and hyperbilirubinemia.
†Grade 3 elevation of AST. ‡Grade 3 elevation of AST and ALT. §The dose of 7.5 mg/m 2 /d was found to be the maximum-tolerated dose, as two to six patients during course 1 showed reversible doselimiting toxicity at this dose level (one patient with hypoxia, hypotension, and hyperglycemia and one patient with elevated AST/ALT). compared with day 1 at an effector to target ratio of 50:1 (data not shown).
Serum samples from selected patients were also evaluated to determine functional IL-2 activity of circulating IC and anti-GD2 binding ability of the antibody component of IC. As shown in Figure 5A , the IL-2 responsive Tf-1␤ cell line demonstrated IL-2-induced proliferation with patient serum obtained after infusion of EMD 273063. An increase in proliferation was seen during the first 4 hours after the start of the 4-hour infusion. Values returned to baseline by 16 hours after this infusion. Serum samples collected at these time points were also examined by flow cytometry for the presence of intact EMD 273063 IC that retains its IL-2 component and its anti-GD2 antibody activity. As shown in Figure 5B , patient serum samples obtained after the EMD 273063 infusion contained EMD 273063 capable of binding to the M21 (GD2-positive) cell line as detected by flow cytometry using a PE-labeled anti-IL-2 detection antibody. Abbreviations: CRP, C-reactive protein; SD, standard deviation.
‫ء‬ CRP levels were monitored for patients 13 through 33 (dose levels 3.2 to 7.5 mg/m 2 /d). †Samples were obtained pretreatment (day 0 or 1), after two doses (day 3), after three doses (day 4 or 5), after 1 week (day 8 or 9) and after 3 weeks (day 22 or 23).
‡Number of patients for whom C-reactive protein data are available at each time point.
§Mean CRP (mg/dL). Standard deviation. ¶P value when compared to day 0, 1. The amount of IC able to bind to M21 increased during the first 4 hours after the start of the 4-hour infusion. Values returned to baseline by 8 to 16 hours after this infusion.
Finally, in vitro assays were performed with specimens from patients to determine whether administration of EMD 273063 results in conditions in vivo consistent with those needed to achieve ADCC. As shown previously in Figure 4 , PBMCs from day 8 show augmented ADCC on GD2ϩ target cells when EMD 273063 is added to the cytotoxic assay. This same ADCC assay was performed with PBMC from day 8. However, instead of adding EMD 273063 to the assay, serum obtained from the patient before or after EMD 273063 administration was added. As shown in Figure 6 , PBMC obtained from patients on day 8 of course 2 were able to mediate augmented killing of the LA-N-5 cell line in the presence of serum obtained after EMD 273063 administration compared with that observed with serum obtained before infusion. This increase was due to a combination of the effectors obtained on day 8 and the serum obtained after treatment with EMD-273063, as the day 8 effectors with pretreatment serum (P Ͻ .05), or the postreatment serum without effectors (P Ͻ .05) mediated significantly less cytotoxicity. Thus the EMD 273063 circulating in patients after IV administration is able to facilitate ADCC with PBMCs activated in vivo by EMD 273063 from that same patient.
DISCUSSION
Antibody-based therapies aimed at gangliosides on melanoma have demonstrated in vivo targeting to melanoma and potential as treatment approaches for metastatic melanoma patients. 23 We report the results of the initial clinical trial of EMD 273063, an IC molecule composed of the humanized form of the 14.18 mAb linked to IL-2. The EMD 273063 IC molecule binds well to human melanoma and neuroblastoma cells in vitro and mediates potent ADCC against these cells in vitro using human NK cells as effectors.
14, 24 It activates potent in vivo destruction of human melanoma tumors grown in immunodeficient mice when combined with IL-2-activated human effector cells. 25 It also causes more antitumor effects than comparable amounts of 14.18 mAb combined with IL-2 when administered daily for 3 to 5 days in immunocompetent mice bearing localized or metastatic B78 murine melanoma or NXS2 murine neuroblastoma. 25, 26 This phase I dose escalation study enrolled 33 adults with melanoma. The MTD 15 was determined to be 7.5 mg/m 2 /d, as two of six patients showed reversible DLT at that dose level during course 1, using the specific DLT criteria defined for this study. The 90% CI for this value is 1.2 to 13.8 mg/m 2 /d, reflecting the low statistical power of a study with three to six patients per dose level. In a previous clinical trial in which we combined the chimeric form of this mAb (not the IC) with separate constant infusions of IL-2, the MTD of the ch14.18 mAb was found to be 7.5 mg/m 2 /d. 16 DLTs in that study were pain requiring morphine, allergic reactions, weakness, and decreased performance status. As the hu14.18-IL-2 is composed of 16.7% IL-2 and 83.3% hu14.18, the amount of hu14.18 mAb in 7.5 mg of hu14.18-IL-2 is 6.25 mg. Thus the 7.5 mg/m 2 /d MTD of the chimeric mAb when combined with IL-2 is similar to the amount of hu14.18 mAb (6.25 mg/m 2 /d) present in the MTD of the hu14.18-IL-2 molecule determined here. Doselimiting side effects of EMD 273063 at the MTD were IL-2-related and included transient, reversible hypoxia and hypotension. Most of the clinical toxicities seen in this study were anticipated and were similar to those previously reported for IL-2 and anti-GD2 mAb treatments. 16, 27, 28 Most patients in the three highest dose levels had pelvic, abdominal, chest, or extremity pain requiring IV morphine. This pain was similar to what we previously reported for patients treated with ch14.18. 16, 29 Although this pain could be moderate to severe and require use of intermittent or constant IV infusion of morphine, it could be adequately controlled to the satisfaction of most patients and was not doselimiting. There was no evidence of motor neuropathy associated with this treatment. The remaining toxicities were similar to those frequently seen with IL-2 given alone. These toxicities were reversible and resolved after therapy.
Two common toxicities with this therapy, as noted by laboratory values, were hypophosphatemia and hyperglycemia. A majority of patients had grade 2 or 3 hypophosphatemia that was noted during routine laboratory monitoring. This hypophosphatemia was not associated with any clinical symptoms and resolved spontaneously in all patients without supplementation. This laboratory finding is thought to represent the effects of IL-2-related intracellular phosphate migration rather than renal wasting of phosphate. 30, 31 The lack of renal wasting was demonstrated here in patients with grade 3 hypophosphatemia. Treatmentassociated hyperglycemia was also present in most patients. The majority of this hyperglycemia was grade 1 (18 patients), but five patients had grade 2 and three patients had grade 3 hyperglycemia. Two patients with known diabetes previously requiring an oral agent required temporary use of insulin for management of this treatment-associated hyperglycemia. Although the etiology of this hyperglycemia is not known, treatment with IL-2 has previously been associated with exacerbation of diabetes mellitus. 32 It is important to note that, in all cases, the hyperglycemia was managed without difficulty and without additional clinical sequelae, and this toxicity resolved after therapy was completed.
There were immunologic changes associated with this EMD 273063 therapy, including an increase in lymphocyte count, an increase in the percentage of CD16ϩ and CD56ϩ PBMCs, an increase in NK lysis, and an increase in ADCC. Additional evidence for immune activation included an increase in serum levels of CRP and of sIL-2Rϰ. All of these changes can be seen in patients receiving treatment with IL-2; thus these responses provide evidence that the EMD 273063 molecule has an IL-2 component that functions in vivo and induces similar systemic immune activation as is seen with IL-2. Laboratory analyses of sera and PBMCs showed that the EMD 273063 molecule circulating in patient sera after IV administration retained its ability to activate IL-2-responsive cells through the IL-2 receptor and retained its ability to bind to GD-2-positive tumor cells and deliver IL-2 to their surface, as detected by flow cytometry. All patients achieved conditions necessary for immune activation. Our previous trial combining the ch14.18 mAb with IL-2 infusion in patients with melanoma reported the development of anti-idiotypic antibody against the ch14.18 mAb in treated patients. 16 Our preliminary analysis of sera from these 33 patients reported here shows that 16 developed an anti-idiotypic antibody after treatment with hu14.18-IL-2 using a similar assay to that used in our prior report (Hank et al, manuscript in preparation).
In conclusion, a treatment dose and schedule for the IC EMD 273063 that can induce immune activation with acceptable toxicity was identified in patients with melanoma. The finding of four high-risk patients who continue without evidence of disease progression for 26 to 60 months after only two cycles (six doses) of treatment suggests possible clinical benefit from this immunotherapeutic intervention. The MTD of 7.5 mg/m 2 /d is suggested for phase II testing but will require clear guidelines for cessation of treatment and dose adjustment for DLT. Phase II testing is now planned to determine antitumor activity of hu14.18-IL-2 in patients with metastatic melanoma.
I I I
Fig 6. Antibody-dependent cell-mediated cytotoxicity using the LA-N-5 target (% cytotoxicity; effector: target ratio of 50:1) with and without effectors (day 8 of course 2) in medium containing autologous serum obtained pretreatment (pre) or after the initial 4-hour infusion, for six consecutive assays on patients at 4.8 to 6.0 mg/m 2 /d. The killing by effectors in 4 hours' serum was six-fold greater than with effectors in preserum when calculated using lytic units (not shown).
